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(57) 

aff$g#*i»fl:U-«f 1 0 0 05±ffiS 7- 
1401*, 24. SWnSAIAsi (81S) in 
33GaAs» (5&2«) nSfWieiSICR^?)! 
5«fCtlfiifLTftO, #^E*fg (DBR) £ 
LTfcteT*. iffi57-140fi/U-l 50 KJtol* 

nr^a. /i^i 5oii2g(o^m^^o, ±» 
Tuftua*. T©*-*®^!;:^*** p5!a i a s m<n 

85#£3 pg| A I Asflfi, /^aoig^ffiftm 

« 1 4 1 <!:■ BKEfc^iS I 4 I (CIS £ M£ □ 7tK<D# 
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I 

u**mi] a*a&Sttatta*&. aaESftam 

y^'J (DBR) Wifi£*rLrfc9. 

*r tr^a u—tf. 

[»*5I2 3 lE*<3ffi8#**fcU--!fT* 
or. 

»E:i7¥W{***tt7^5 6 » 

££ftr*J9. MEfc2*l;tlttE7;Uit;^A*£tf* 

or, 

1 *0 3*ttEaftBftft*£WLT»fttiaj;9 feltt 

or. 

fiftEDB RJ*ftli> *fc< T^S 

c <t*#a u-if. 

[J**fc 5 3 1**15 4 U-1fr& 

or. 30 

MEDB RJ*)fi«|ftE*tm. *g-+fe©Rfca -0<D 

ft ■ c £ n M © * & # c © jss $ n r t> * c & & 4$ m t 

T*B«#¥W*U— tf. 

or. 

fftED B R«a©a£*tm. '>*< £*>*<D-ttlcf- 

or, 

WE** ©*IEH»l,fclMB<0'>fc< <h fc-HI*, 

or. 

mEaaom 1 «ffi««sjE«if cHtsnn* 

*wa*T*a»*¥isi«;i/-«f. 

[W#JH9l »*IH 1 E«coaS5e«!|til|Mcu--»j'-Cii 50 



tffifl¥ 1 0 - I 2 5 9 9 9 
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or. 

iftED B R WftcOlttESS L © £ M ESS 2 1 £ Wffi «C 12 * 

w a a< ft ge u r i ^ c t £ tt a t r a bb £ * * a> * u - 
If. 

[M#JE1 03 W*B I Eft^ffi^Jt^yi^U-tfr 

#or . 

9nE-oco5 tfEDBRNtagwi, 
*or. 

rw* c£*ftm£Tzm%K*mfris-<f. 

[M*9U 23 a**2E*<Offi»****U-tfT 

feor. 

ESR2iaGaAs a> ■=> see £ nr * c £ 

[»*X|l 3] ajtSSStrffitta*,*:, fufESttfc 
5-<!:4R«-r*iia**ill*l/— tf 

r&or, 

ffiErows 7-£>'>ft< tt-^ii, 7;U5-£A£ 

*Oa»©»lJB- £.fctf«»©S2a**tr#flT75 

yif*)7V92. CDBR) J*ji£*rLr£0. 
i£D BRt8j£fC££tl2>ffi£rIS£>!S 1 Sflo 3 -SB 
<Dffl&3tifcB©*A<. 3tfflA<y5"<- fft£ 
«ffi/^y ->^ - ha«CHitlfc3 7*a|*ai«i *w 
brt>*©2g#*i*fcU-+f. 
[SftfxS l 4] Sfl#J3 I 3E«a>ffi»)fc*«9*u— tf 
r&or. 

I»E«I^-; S"*- hffl*ttiS«afl:Xgtw«fcor^rt 

anri^c t*»at-rsiB«3t**#u— tf. 
(a$gi 5] -*3fl)*ficaa©aa*iBS^Ew 

sn^iBje^*«*u-if -CAor. 

<h, WEJrftwfia#fiB©*ft* # ftKWGLfc«S0) 

(c ic^*n^a»wgftm«i:S:ffl^r*5 0 . 

2Mi. 7JU5 ^$A£Str!*ft«» iff. fcJ;tf8f££D 
S2i$ttl^^7vi/'J7U^ (DBR) WiSS 

fi»EDBRWjat$*n5rtiiEaa<oaiS(o^^-88 
«awsnfca«3*A«. 7 )\>z-oi*$$vm}R&itte 

ffLri*5aBJBM£*W*U-tf. 

cwrKm 1 6] «3tassoatta«t. »iUBffiitw 



££tf£9K£Sfi£-r*X8 4:, 

» I 0 * tfx -y > y (C J; o T lift E$9 Bl $ ci 
**>^L. *nc*^T«E*9«*'6±Bj*-frtt8' 

WETB^-y-Ba-oftijEiB&^e. m&T&*it&&iz 

[W#3tl 7] 6Ettcofiifi^^T*oT. 
WE»lig/1Myf>yil, ME±B*l*-B#<0&f>E 

« r a c t * & m <h r * m ft ft * m & u - * o> s j& ^ 
m. 

WEffiffcxe^H, O, *tf HTfr 5 C£ iff 

t £ # » £ T * ffi A 3fc ¥ * * u - tf co g jfi ^ £ . 
CO 0 0 1 J 

erlieal-Cavity Surf ace-Enit t ing laser: VCSEL) 
C 0 0 0 2 ] 

T, wmc rvcSELj tftlTZZttf&Z) i:j;n 

S»c««{bT5 ctt,T$5. tfllfii* 
:^:/itia^4i), vc s e Lii*sftofta»J3 

f 0 0 0 3 )«ifi. CaAs?VCSEL(0i7-£<i 
fiJlTUi^i^I (fctx(XAICaAsi) £i8K 
W ICKfkT 6 VC S E LOttfiESAi:;* 

ZmWZ V C S E L inhG-n-t/; 50 
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-X.- 831* 0 995). £S60KA>*£562 3(Electronics 
Letters. 310995). P. 560-562) lcE« S ftTt»* . 
[ 0 0 0 4 ] 0911, ±E*ttCM**tlTl>* VC S 
E L<Ottifi«:«^6<j(C^-rtRSST*-5. 0 9 <D V C S 
EL 9 0 0IJ, nHGaAsfifi9 l0ii:ES$nt 
StSftlS8g$ffiK.T^0, COftfiBli. n - D B R 9 
20. InCaAs/GaAsSif#F9 3 0iiJ;y 
P-DBR (Distributed Bragg Refleclor) 940^ 
S&fflAt&CO.JgfFTfflATliS. p3!D B Rfcitfn 
10 SDBRO^mfe, Ga A s 9 9 4 1 fc^tfA I A s 
/A I , 0,9 9 4 2*<S5C*W3tlfc*9«a€WL 
T*5'0, ca>£9«tfitt*K9 1 0 
Xy^>^£*lT^£. A I A s /A I . 0 ? 9 9 4 2 
tt. > , fr<f»*BK<fcBfS A I A s (RJK£. f ntffiO 

at; a i . o, m# £fik£@£ $nr us. ai.o.m 

1 A s 9t885tWtCKffcT*r tCioTff^n*. * 
tf±*tttf»J< 5 K9 5 OTSHJlTtl^. as*#9 
6 0liSfi9 10<OH®«trjSSl0ai$n-5. 
20 [0 0 0 5] *C, VCSEL 9 0 0 (OthftZ&wr 

*. 

(0 0 0 6 ) AI.O.M <® 9 * T8SlT/\-y*>y 

he <ena») toKtui as ««« an*. z<dk 
aaat;&65»jjiA<ffiA5n*. aias/ai.o 

,99 4 2iCfcUT. A I A s*«©a*f*ttA 1 .O, 
[ 0 0 0 7 ] ZtffflfiKli/ltXyyvyiC Jz*i?t»$' 

^ — ^9^jgfiE*nT*5 o . z<r>y * — ->"a;cii)fe.fe^ 

£Wf5T$5. VCSEL 9 0 0li. l/*^ttfliS!7 0 
aA (7< i?D7><7) iU^tSff9^«0tt*3?KL 

[0 0 0 8 ] toOfie3feW^t7y7< H-7^y- ; n- 
866* 0995). »3413S^6S34l5B[(Ap9lied 
Physics Letter. 66 0 995). P. 34 1 3-34 15) iZ E« $ n 
TUS. 01 Oil. ±EX«IZ«iR$nT^5 VC S E 
L I 0 0 0 cOWig$«?^6«iti^r»rffiHTifca. 
[0009] VCSELlOOOIi. n-DBR I 0 1 
0(0 Jbt*. gftffl L 0 2 0 ^5<tC/p-DBR 1 0 3 0 ri< 

«9$n^wit€ffl^.ro5. c(n«awig$ n -DB 

R 1 0 l 0^TX-yf >^TiCii;j;rj/lrMIKfitJ 
riTli*. i/t. p-DBRl0 30(O±C(ltj>y4Je 
^Pffl^fl t 0 4 0/)^5t3nTHi. P-DBR It A 



( 4 

S 

I CaAs iGaAs t MA L fc£S«iS£ # 

LTH*. ^flttiftOllTBlCfcBT* 1 flco A I G a 
A slO^^A I 0 . 98ff)A[,, H Ca,.,,A 

s II i 0 3 2tf»£f&15fc£4a, -tflftljolUA 1 ft£ = 
0. 9 CD A I , G a, . , A s Mt G a A s lri*£©£E3 
ftTH*. A I ..iGa,., As/GaAs(JI 

mODBR 1 0 3 3a&«J:»3 7-tLTlftlt5, 

C0010J CCDft^flTIi, A I . . , , G a , . , , A s ft 
±yAl,.,Ga ) . ) AsO»|tl/-hg (#1 5 : 1) 
£*I£LT, A l,.„Ca,.„A sfll 0 3 2<0*£i8 10 
IRWfcBfcl*, A I , O f (Rtt 1 0 3 1 &»j£LTti*. 

[ooiu vcseliooo 

B90VC S E L 9 0 OaVft&fflg-CfcQ, 
fit«Dfc(7>VC S E Lft<&9£tl*. 
[0 0 12] 

fc, »2<oft#&fi5?ii, ia*ftt*«flsfa&«&*:, 

A l »j£<Dftfc5 2 fllSlWA I GaAsI^ffll^A-f 

HEftKflssns— -2<ojifc:tt. Kft$n^>-rv^ A 1 G a 

A si (A 1 8Ug*<;fi:&tt> ft!l<DK{fcLfct>A 
l G a A s m<OA l *aj5dcfd:/jx^F < t/TU5. ccoj:-p>i 
lUSCJctltf. * y-<T>±&ftlzG aAs«©JStfT$(C 
H!^Hf***tA tGaAsl (A I &$ftf'h£ frO 
SJHUfcftfttffcS&n. 57-*lfi£T4GaAsI 
A I G a A s l&a|3)oaff*£ft</Ji&ti4£. + 5* 

ftEit**jajs6r a&*ictt. ***a 1 &fi£<DA 1 g 

a As B£jBU**££0 fcS9-0)a&**<Lfcl* 
[ 0 0 1 3 3 *»WttH)rA»4H.*(c«*r&an&t>0 

[0014] 

*tEft<Z>B 2BCB 1 »£tiB#r*£fiffcU - hO£fc 

*«*fflir». ita©8 i nop $s&sn£-$(OJitA 
u-iftt, ffiEtsttBttsi* 
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b RttjicssnsMEKaaai x a ©5 $-a&coia& 

Mt EB $R8 ft «*£ IC QB * titt 3 7 ¥S « 81 J* t £ * L T 

[00 16] cncj:o. d b r ttii ic £ * n * -8B<D 

#a©3**^«*c***«aAsn. (s^ls^m 
ia> ftj:t/, f«ft©sg2i$^^. -e-nsoflojsfr? 

[0 0 17] £**«J&!gTli. ttE37¥*#BIftl2 

7;U£-OA££tr¥*fcri>6JBrt$ftT*30, ffiE35 

2 BttiTOE7Jb£z:£A*£tr***K:*^sfcTa* 

0. D BRttifi»*aE*<aifl-*"S»BrtriiS*ft< ¥ 

[00 18] AitEftStttB 1 B0>5 SfflEBKBKBtt 
fittSIli, C<Ba££trD B RBiftrtCfcHT. A* 

a<to *ffiE£&Mttici£t»&B<::eB*tiTi>* r > 
A^il/^. cniccto, BttMttCj&ti&Bca%* 

fl:a«t©isnc**w*isia#r*aicfiBtT. &%a 
T4i;fcJi£A«3r*»M«i:«ssn5iii(*ii:H! 'J 

[0 0 1 9] HftEDB R Willi . *^<tt)-fi8i:^-t 

€t^T^^5t^^«■^:t5c:i^■c^s. :n;:io. - 

[ 0 0 2 0 ] IREDB R»ifi«5fWE>irii. ^S^iSO 
[ 0 0 2 1 ] HtlJ2 D B Rf*iI<Ojft£*tm, '»i < t ti 

^^^7)-SRlI7 L -MS^s^^^^T^50 . a9Ex-/ta»« 

nicj;0. D B R Wi5<0-r-/t8Btt£&:f JKTK o C t 
/>^aiZ/d:S. Hr<0^y>. SaiSlCPSLT. DBRWifitO 



7. 

( 0 0 2 2 ] m&*v<o%iEmftL£.m&v><j>t£< th 

[0 0 2 3 ] SOEtIft<DS 1 IO^, fcffitf.ffoESffi 
[0 0 2 4] WEDB R«ii<0KUE» 1 «<hlWE3g2« 

*. cniao, db RM&efliar*ff0nc£*& 

[ 0 0 2 5 ] WEr^O^-OfnfnOTDBR 

«*a©*^«nfcaffi€»*WfcftAT5;:£j&« 
( 0 0 2 6 3 WEXr?OS7-co-^ti, KS^^S^ 

[0 0 2 7 ] WE3T^««:ffl«liA 1 A s 
nr^O, iE»2ittG a A s ^*S£$*ITU*« 
«tti:t^T^5. Cftfcj;0, i8ftaffcaJ«£S 
SJ-JBifcTt*. A 1 A s liG a A s iCttRlTIL < 
ttftStin^STfti. Sfc, A I As tGaAs 

(0 0 2 8 ] *5fi^l:J:5 teS>35 JS#¥£ # U-tfji. 

a<o» ia*5 < fc^a&<om2a*^tf^^y7y y»j 7 

U** (DBR) ttj&fcWLTfcO, ilfl E D B R « ifi K 

££«t$*. d b Rf*;s<7>®®ii. aa^t:s(t«ffi 

ri* S T ft 4 . 

[0029] rafiss/t-, x-c- hm%umft&{£xm 
aa)affi£(auiic/t-yx^-hTS6^i3TA*. 5 
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[ 0 0 3 0 ] *Jg^cO£lCft!l<75ffi5g#**fcU-tm t 
i»0JlU7-i:. fflE»&a>a&#fiB(0*ft?ft 

<tfiUEm 1 s 5 -(caftan* 

T*50. S3ES8U7-i5j:^257-on^M 

«rac0^2S$^tt^^r-7vy'j7U^^ (DBR) 
10 tt>fi*#LT*0. MED B Rfftftl=*£n*tt£a& 

«JBii»?^-«©HRjnfcio*A«. r;u = xo 
Asstraftttft:***. ^Ea«afta«tcffliti>t 

a. LaKnaaa^aastu *o)a« % ±fc<7>ifl»a 

[ 0 0 3 1 ] *£W<&ffi£*¥*fcU-if<Bgijfi;frfc 
li. S5ft«££trfStt®tf <h t Me&Sa«€tttr=:-3 

■pT. 7JU5x«>A*atr»ttG>*ia. *><fctf;iJ&o 

*>^KJ:oTfflEM«*a»WKXy*>$rL. 
*lfc<fcoTaE£a«*>S±«*iJ-aga£asSL. iftE 
±S5>1fffi7>(0®IB$aai$-e*^XSi, JftEJiffiXtf 
«»©aEMfi*«aRTH3lH£* & 2 E X X 

^>^fcJ:oT^E^!Sia$$^(cS<x-y7 c ->^t. 

(OGagsaaiStt *xet. a£T»xtrB»<oa£« 
30 aET»^*«»ic*sn*ttE»iasa« 
wta<kf sxat. ta^Lxi^. cnc^o. * 

ft © 51 1 Bi3J:tfaa0>»2 5£Str£aK(0'5*j-s5 

wafcartu. a*a<fca**sBK:aBS-i-*c£:)»«*T 

( 0 0 3 23 m&& 1 a^I-;f>^, ftE-hS;* 

( 0 0 3 3 ] ffi£aa&(**?fitffl*i*s£*n. ffi 
[ 0 0 3 4 J tiEfifcieii. h s o, sa^rffftna 

[ 0 0 3 5] WKHSItlSli. ttffcRSJBx.fcH.O, £ 

ffl^tfrhn^jioCLTtxtn. cniao. in ft 
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[ 0 0 3 6 ] 

[0 0 3 7 ) (S» 1 ro^jSiflgffi) EJlli. *RW<»%\ 
©HJS^ffilCcfcSffi^^^ai^U-tf (VC s E L) 1 

0 0 £H^6*HC7nt"ltfffiEI"C&£>. 01OVCSEL I 
OOti, piGa Asiil 1 o ±\z&fc£tiT^z. 
VCSEHOOIt pSJTffi5 5-l 2 0, 
130* < fctXnffl±ffi 57-140$ $tfl/ -if B!B<0 
fc£©«Jifltii£WLT^£. Tffi$7-12 0»i«« 10 

1 1 O©±C»fi£aftT*5 0. ffittffl* i 3 OttTfcS 
7-120i±g57-140 tcoratcft^nT^s. 

[ 0 0 3 8 ] TS5£ 5-1 2 Oli. 24. 5*t<Op©A 

Wl,T£0» TMOftft&ttM (Distributed Bragg Re 
riector:DBR) ihtTttUT*. iq«(Z. J:88S7- 
140fi, 24. 5£fCDn3t!AlAsJI ( SB 1 JB (C $t 

fcfitts (dbr) i: tramr*. 

[0 0 3 9 ] <r*r*l©S 7-t>. 13 1 0 

Tlr>*. *H9Ha*-Cli. f^l — tU^3t 

HI 0 <0$£&&tfi\zmue>tlT^2£oU r/w 

[0 0 4 0 ] fctefcttl 3 Ofi. ^x;u»a: Lrtaitef 
* I n,.,Ga 1 .,AsBtA , 'J7)8<i:LTailllt'5Ga 
As fl<h£Stfg*^#F£fcofcfc]! 13 30 

l<t. d 1 3 1 £&*&tr A I t G a.. , A s 

H»i$S LTt^S. Stem** 1 3 0 li. ftftftf 
*5 9 8 0 nm©#**«T* *3fcKttSftTV**, 

[0041] VCSEL 1 0 Oli^tM 5 0$liLTli 

*. C0>*#i 5 oit, 2&cDjxtffl5 7 >££/ u -cfco % 

^(O^gliftl lymT*5, ^^-g^it^ 

ft 1 5 0 ti. £o t, 2Zf^«)>1t 40 

fflS 5- 1 4 0 O^fflSftfc^A,-?^*. TSMtf 
«7>tt. ±ffl$7-140W-ffi (jgffi) <t. ±&>7 7 

v Kfl<h. fittJI 1 3 i <h, TW^7-y Hiro-aste 
SA,T<^£. 35 2 (hUU-x-;/ ^> ^ti, Tffi^ 7- 1 2 

o oj±ffi$ %it;«iii$ tts mr t - it ^ nrtr^^«>, 

[0 04 2] ±85/^86^(C^^n>5p$JAlAs)l^ 
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pfiA i a s «0«aBi*aK«cftffcanTii*. 

<0*S£, TSB *tf&7*lc£3; n* & p£ A 1 A s flfi. 
ffli2<Oi8ifcKfl:IH« 14 it. igWKIfcfcJ* m n:ffl 

« 1 4 1 tt*8tt7/t-**£LT«ffiTa. U-tf£Ji 
3 74*W*atf0>U"f X (fig) tt^ffilSflKT) 

[0043] ^nas^&cintf, *-yi s o 

*fca«>(DX-y ^VSMi. gte« 1 3 1 £Tffi£ 5- 1 2 

0 CDP.1tC^fll1-^T^^7 y FmZBft#itZX>y?>? 

SS7-1 2 oii^^x y ?>^^±<sttr, ^-ys 

s?^7-i 2 ow^aias ingsiunr, ■ssitTt 
$ft^-rafea6^»«SEn:fflJ« 1 4 ni, Ett* 1 3 1 

[0044] VCSEL110li$6tC, J: S£ £ 7 - 1 
4 0(7)±ffiC^5£Sn^nfiiJ«a 1 6 0 t> pSSKl 

1 0 ©J£ffilCJ&fi£$ft£ p 1 7 0$tLT*iO, 
cn«3<05I16 0^J:C;i 70 ^*fcoTS<i®« 1 3 

ti. £& i i o<o«ffi7i^©oai3n5. 

[ 0 0 4 5 ] 02 (a) - (d) Lft:a« 

5. VC S E L 1 0 Oonft.Ja-tTsZ&WTZ. t£ 
®2 (a) - (d) co^TIi, 13 1 T^L/^*>cn t 

C0O4 6] *r, ®2 (a) ti^-r^^c, 

fillOli:, TK57-120. fgilp5« 13 0^^ 
tX±gR5 7— 1 4 0 <D^*©tt»roi|i3|«:a$, MB E 

•5 Itf^nZiVC S E L 9xAtC, n fM^tS i 6 0 ^ 
cfctfp dJ^S 1 7 0 £J&Jft-r*. nfi!l5S 1 6 0 !i. ± 

^^JiUt/^-i>i/$n^. ntB!l3£l60li, 
^t^iiAu/AuGe/N i (AuOffSlOOn 
m: AuGeWffJ i 50nm: N iOSSSnm)^ 
Z&ftZn. pm%& 1 7 Oii. ttxtiC r/Au 
(C r 5 0 nm : A u <nm 5 I SOnmU^lg 

St* #14. 

£ 0 0 4 7 ] ;Jctc. CI,Sffll»tRl Ef£*fflH*rSH 
I ©^-y-x-y ^>y^ff o. Xy^>^*fl:|i;fc0>j!pj 
T * i . C 1 i : A r : C F . = 1 : t 0 : 3 . A 7 - : 5 
0 0 W. x.y^>^ft#Pu1 : 5 0 5K 

[00-18] n ftlTttff I 6 0 H. :«X 7 f >^|;jttT 



II 

( a ) fc^TJ; r>\z % 138^7- 1 4 Oo&tfj^u^ju 

ft« 1 3 1 <7)ifi< (C liar -5 2SOn£|A 1 A s l£x 

C 0 0 4 9 J £ 1 (HlpC-ttXy f >^TM$tlfc 

±&*-*®#<»±M&<)zZfm&t:® 2 (b) fc^f* ? 
£S i 0,ffiaRTl7. COS i Oi^giBtli, jztx. 
I^^X7CVD^Sfflt»tff$ 5 0 0 nm<BS i 0, 

isxifxy^>yicj:oaraiofc±fi5s 
tcftsrsc ttctor^en*. ceo* 5&i8&fci& 

Sfc££fT-5Ci*. S i O, &2IK<Dft!B£jg#;£j®£f 

■yffl»o^fi^«^$tt*ct>i<£vstc7i5. s io, 

10 0 5 0] ^f:, C l.SJfl^fcR I BESfcSJBMT 
»20pt-y*Xv^>y^fT^. Xy^>^^ft:|i^05a 

C I i : H: = 1 : 1 . A7 - : 2 0 0W, in 
: 5 0 OtfJUK lyf>W,1 : 5 0 ft. SI 

T*. C<0Xy^>^tt, gtt®«i3 0CDiT^Tifi 

[OOSllttHT. B2 (c) tC^Tcfc^C. 3 2® 

*. 7^>-^A^ttlA I As tl. 7)^->?A$t 
SftH.G a A s lZlt*LT&{tXmtfWL< ±£ < , * 
iSIKKftHA i A s C*tUT£C*. Kftfl 

#s i o.fta&tCctoTisbnTM* ±SB^tf®^(i 
g{fc<*nfcv>. c^iotc. s i o.ftSBtiiBfcttif 
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